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Small-scale modifications to a continuous flow GC-IRMS system, the GV Instruments Trace Gas and IsoPrime, have enabled isotopic analysis of methane and carbon
dioxide to be made in 75 cm3 of ambient air with a reproducibility of 0.05% for 813C in CH4, 0.03% for 813C in CO2 and 0.05%. for 8180 in CO2 (10, n=10).

An automated inlet has been installed to allow the Trace Gas to run continuously, measuring air either directly from an intake on the roof or from tanks connected to the
inlet. The system allows frequent diurnal studies to be carried out at Royal Holloway which is situated 32km west of the centre of London. Isotope measurements are
made at 30 minute intervals, at the same time as concentration measurements are made on a HP 5890 gas chromatograph and LICOR CO2 analyser in the laboratory.
The method provides a fast turn around in samples with accurate, reproducible results and would allow a long-term continuous record of CH4 or CO2 isotopes to be
made, providing information about changing sources of the gases in the London region, both seasonally and inter-annually. The Royal Holloway sampling site is ideally
situated to measure near background air from the south-west or London air from the east. During high pressure anticyclonic events coinciding with a low wind speed
there can be a large build-up in concentrations of methane and carbon dioxide as an inversion builds up over the London basin. Measurements at high frequency intervals
allow individual source plumes to be identified and comparison with wind direction measurements can lead to identification of local sources. Source calculations from
ary diurnal studies show that local sources have 313C values of between -34%s (typical of gas leaks) and -54%. (likely to be landfill sites). Carbon dioxide diurnal

preli

studies indicate an average CO2 $13C source for air coming from the East, i.e. from the direction of London of -30.4%o.

Source studies were carried out in wetlands in Ireland durin,

to the size of Ireland’s anthropogenic methane emissions (~0.6 Tg/yr).

The small sample volumes and rapid analysis time provided by continuous flow instrumentation such as the Trace Gas has rapidly increased the number and type of
samples that can be analysed. The improvements mean that it is approaching the precision required to monitor seasonal shifts’in 13CH4 at background sites, with

automation of the instrumentation allowing continuous monitoring of the isotopic composition of CH4 or CO2 at a fixed site.

githree sampling campaigns in 2004 and 2005. Samples of ambient air were collected upwind and downwind
of wetlands (blanket bogs, raised bogs and fens) and analysed using the Trace Gas and the isotopic composition of the source calculated. Small, but measurable
differences in the concentrations and isotope values upwind and downwind of the sites were compared with isotope measurements of methane and carbon dioxide
accumulated in closed chambers at each of the sites. Highest emission rates and most depleted methane (values down to -81%o) occurred at raised bogs which are
primarily located in the midlands of Ireland. The raised bogs were also found to be a COz2 source with 813Ccoz2 values of the order of -21%.. Although on a global scale
Irish wetland emissions of methane are relatively small: approximately 0.4 Tg/yr compared to the global wetland emission estimate of ~160 Tg/yr, they are comparable
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DIURNAL STUDIES IN THE LONDON REGION

Continuous methane (30 minute interval) and carbon dioxide (5
minute interval) mixing ratio monitoring has been carried out at
Royal Holloway (RHUL) since 1995 for CH4 and 1999 for CO2
(fig. 2). The RHUL siteéfig. 3) is well situated to measure fairly
air from the South-West (the prevailing
wind direction) and polluted air from London and the continent
Inder anticyclonic conditions coinciding with a low
wind speed an inversion often builds up in the London basin and

clean, near backgroun
to the East.

CH4 and CO2 mixing ratios are particularly high.
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ratio is likely to occur.

Addition of an automated inlet sytem (fig. 4) i
November 2004 means that the Trace Gas can be
run semi-continuously, analysing the isotopic
composition of either methane or carbon dioxide in
outside air at half hourly intervals. At present the -
system is run overnight when meteorological chang
conditions are such that a large build up in mixing fme of

(i) CO2 Diurnal Studies
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oy Analysis at 30-minute intervals allows individual source
plumes to be measured as the wind changes direction (fig.
5). Results can be subdivided according to wind direction
and Keeling plots are used to estimate the source signature
of excess CO2 over background from different sectors. The
easterly sector, i.e. the direction of London, has a source
signature of -30.4%. (fig. 6). The source signature varies
according to time of dar (fig. 7). Overnight minima at -33%o

i fuel combustion, wheras during the
the source is more enriched at -17%. due to
photosynthesis.

(ii) CH4 Diurnal Studies

Results from CH4 diuranls at RHUL are strongly affected by wind
direction. For example during the diurnal shown in fig. 8 the wind
direction was primarily from the West. Results show an enrichment
in 813C as mixing ratios increase, caused by enriched CH4 sources,
such as gas leaks at -34%.. During the diurnal shown in fig. 9 the
wind direction was from the East. The methane source in this
direction caused a depletion in 13C as mixing ratio increased,
as a result of biogenic emissions, mainly landfill at
-54%o. Carrying out diurnals throughout the year will provide
information on the annual variability in methane sources. Initial
results (fig. 10) indicate that the source signature in the winter is
significantly enriched compared with in the summer, as would be
expected from gas boilers being turned on and lower landfill
emissions at low temperatures. However only two diurnal studies
have been carried out in the winter so far so results are biased
towards particular wind directions.
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direction is inconsistent.

Three sampling campaigns, in June and October 2004 and June 2005 have been carried out to measure
the isotopic composition of CH4 and CO2 emitted by wetlands in Ireland. Peatlands cover an area of
1177 000 ha in Ireland, although >80% has been affected by drainage and peat cutting. Sample locations
are shown in fig. 11 and include raised bog (mainly found in the midlands), Atlantic blanket bog (found
along the west coast) and fens.

Air was collected in chambers and measured upwind and downwind of the wetland areas and the CH4 and
CO2 mixing ratios and isotopic compositions measured. Table 1 summarises the results of methane studies
from the October 2004 and June 2005 sampling campaigns. There was significant spatial variability in the
emission rates and isotopic composition within each bog which limits the reliability in estimations of the
overall source signature. Therefore comparison between the upwind and downwind isotopic compositions
may give more realistic values for the whole wetland area. However the isotopic difference between
measurements either side of the wetland is not always measurable, particularly if the wind speed is high

Type

Raised
Raised
Blanket
Fen
Fen

Site
Clara 0.17 ugs-'m-2
Woodford 0.10 ugs-1m-2

Roundstone  0.13 ugs-'m-2
Pollardstown 0.63 ugs-1m-2
Lough More  0.17 ugs-'m-2

Mean Emission rate Mean 313C  Mean §13C

(October ‘04) (June ‘05)
-81.1%0 -76.4%0

.1 4
-78.6%0 -78.9%0
-73.7%0 -81.8%o
-65.9%0 -68.3%0
-64.5%0 -74.1%0

Upwind/Downwind
Source Signature (June ‘05)
-77.63%0

-56.97%o
-66.81%o
-57.14%0

Figure 12
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Taking into account average emission

rates, and the relative
type in Ireland,an

signature for methane from Irish wetlands
was found to be -70%o, with a total emission

rate of 0.4 Tg yr-1. Tl

standards but is comparable to the size of [ ¢?
anthropogenic CH4 emissions from Ireland,

0.6 Tg yr-1.

A, miing v [1ph)

DD GEMz dMur Dum SO0 e

area of each wetland
estimated source

his is small by global

lime 1 bours

up_in mi

Acknowledgements:
I

The atrr
support fr

V Instrumy

aboratory

ts and the Ef

at RHUL

s from the EEC, NE

> and INTAS. This research is funded by NERC with



